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A novel fluorimetric method has been developed for rapid
determination of DNA and RNA with hypocrellin A (HA)
as a fluorescence probe, based on the fluorescence
enhancement of HA in the presence of DNA or RNA.
Maximum fluorescence is produced in the pH range
3.4–4.0, with maximum excitation and emission
wavelengths at 470 and 600 nm, respectively. Under
optimal conditions, the calibration graphs are linear over
the range 0–200.0 ng cm23 for calf thymus DNA and
13.0–200.0 ng cm23 for yeast RNA, respectively. The
corresponding detection limits are 5.0 ng cm23 for calf
thymus DNA and 13.0 ng cm23 for yeast RNA. The
relative standard deviation of six replicate measurements
is 4.5% for 100 ng cm23 calf thymus DNA. DNA could be
determined in the presence of 20% m/m yeast RNA. The
mechanism for the binding of HA to DNA is also studied.
Keywords: Spectrofluorimetric determination; hypocrellin A;
deoxyribonucleic acid; ribonucleic acid
The quantitative analysis of nucleic acids is of interest since it
is often used as a reference for measurements of other
components in biological samples. Generally, direct use of the
natural fluorescence emission properties of nucleic acids for
their structural and dynamic studies, and fluorimetric determi-
nations has been limited1,2 due to the low fluorescence quantum
yield of native DNA (ff = 4 3 1025),3 so an extrinsic probe
must be employed. Up to now, a number of fluorimetric
methods for the determination of nucleic acids have been
established,4–8 several of the most widely used involve staining
with a dye such as ethidium bromide;4 however, the sensitivity
is poor due to background emission. In recent years, the interest
in trivalent lanthanide cations9–12 and dimeric asymmetric
cyanine dyes13,14 as fluorescence probes for the biological
properties of nucleic acids has increased markedly due to their
long wavelength emission and high sensitivity. However, the
main disadvantage of these methods is that the lanthanide
metals (such as Eu3+ and Tb3+) and cyanine dyes (such as
TOTO, YOYO, etc.) are very expensive.
Hypocrellin A (HA), a new derivative of perylenequinone, is
a traditional Chinese medicinal herb ingredient15 and displays
strong fluorescence emission at 600 nm with maximum
excitation at 470 nm, the structure of which is shown in Fig. 1.
Jiang16,17 has reviewed its general chemical properties. Re-
cently, HA has received most attention because it is found to be
a new efficient singlet oxygen (1O2) generator18–20 and has been
successfully employed in the clinical photodynamic therapy
treatment of a number of skin diseases, such as white lesions of
vulva, keloid, vitiligo, psoriasis, tinea capitis and lichen
amyloidosis etc.21 To our knowledge, however, the use of HA
as a fluorescence probe for determination of nucleic acids has
not been reported so far. HA emits at long wavelength with a
large Stoke’s shift and its fluorescence is significantly enhanced
in the presence of nucleic acids in a weak acid medium.
Therefore, HA has been employed as a fluorescence probe and
a sensitive fluorimetric method has been developed for the
determination of nucleic acids. The use of HA as a fluorescence
probe leads to a particularly inexpensive, simple and sensitive
system, permitting a limit of detection of 5.0 ng cm23 calf
thymus (CT) DNA and 13.0 ng cm23 RNA, respectively. The
mechanism for the binding of HA to DNA is also studied.
Experimental
Apparatus
A Hitachi (Tokyo, Japan) 650-10S spectrofluorimeter equipped
with a plotter unit and a 1 cm quartz cell was used for recording
and making fluorescence measurements. The absorption spec-
trum was performed on a Shimadzu (Kyoto, Japan) UV-240
UV/VIS spectrophotometer. All the pH measurements were
made with a digital pH and temperature meter Model 631
(Extech, Boston, MA, USA).
Reagents
All chemicals were of analytical reagent grade or highest
available purity. All aqueous solutions were made up in
distilled, deionized water.
Commercially prepared calf thymus DNA and yeast RNA,
obtained from Sino-American Biotechnology (Shanghai,
China), were directly dissolved in water at a final concentration
of 100 mg cm23 and stored at 4 °C. These solutions were diluted
to 1.0 mg cm23 with water as working solutions. A HA stock
Fig. 1 Structure of HA.




















































View Online / Journal Homepage / Table of Contents for this issue
solution (1.0 3 1024 mol dm23) was prepared by dissolving the
appropriate mass of HA (Yunnan Microbe Institute, Kunming,
China) into 100 cm3 of ethanol and stored in the dark. This
solution was diluted to 1.0 3 1025 mol dm23 with water as
working solution. A pH 3.6 acetate buffer solution was prepared
by mixing 46.3 cm3 of 0.2 mol dm23 HAc and 3.7 cm3 ml of 0.2
mol dm23 NaAc.
Procedure
Transfer into a 10 cm3 standard flask 0.8 cm3 of buffer solution
(pH 3.6), 1.0 cm3 of HA solution (1.0 3 1025 mol dm23). Add
a known volume of CT DNA (or RNA) standard solution.
Dilute to the volume with water and mix. Measure the relative
fluorescence intensity at 600 nm with excitation at 470 nm.
Background fluorescence has been subtracted for each value
reported except for excitation and emission spectra.
Results and Discussion
Spectral Characteristics of Fluorescence
HA is a new derivative of perylenequinone, which is not soluble
in water, but can easily dissolve in some organic solvents, such
as ethanol, chloroform, etc. It shows two isomers in solution,
and there is an equilibrium of isomerization.16
The uncorrected excitation and emission spectra of HA are
shown in Fig. 2. In a weakly acidic medium, HA displays three
excitation bands located at 350, 470 and 550 nm, respectively.
The maximum excitation peak is at 470 nm, which may be
assigned to a p–p* transition, while the longer wavelength band
results from intramolecular proton transfer.22 The fluorescence
spectrum of HA consists of two emission bands, located at 600
and 650 nm (shoulder peak). The shorter wavelength band is
due to p–p* transition, and the other band can be attributed to
intramolecular proton transfer.22 Diwu et al.23 reported the
effects of the concentration of HA, solvents, acid, bases and
temperature on the fluorescence spectra of HA, the results
showed that the intramolecular proton transfer of the excited
HA is weakened at low temperature and the emission bands of
HA shifted slightly to long wavelength with increasing
concentration of HA, furthermore, the intensity ratio of the two
emission bands changed dramatically. In addition, they also
indicated that the fluorescence properties of HA are related to
the characteristics of solvents, and this may allow HA to act as
a new kind of fluorescence probe to study the biological
macromolecular system.
In our research, it was found out that the excitation and
emission maxima of the HA–CT DNA system are similar to that
of HA, but the fluorescence intensity is significantly enhanced.
On the other hand, RNA can similarly enhance the fluorescence
of HA, however, its enhancement ability is lower than that of
DNA. These results indicated that HA can be used as a new
fluorescence probe for sensitive determination of DNA. In this
paper, the maximum excitation peak at 470 nm and the emission
peak at 600 nm were used for fluorescence intensity measure-
ments.
As described above, the fluorescence spectral maximum
remains unchanged at 600 nm. This result is in contradistinction
from the observed large red shifts in the fluorescence maxima
when the compounds intercalate into the helix.24 This suggests
that HA binds to the double helix in a non-intercalative way.
Optimization of the General Procedure
The experimental results indicate that the maximum and
constant fluorescence intensity occurred when the HA con-
centration was in the range 8.0 3 1027–2.4 3 1026 mol dm23.
In this work, a HA concentration of 1.0 3 1026 mol dm23 was
recommended. The effect of pH on the fluorescence enhance-
ment of the system was studied. The fluorescence intensity
reached a maximum over the pH range 3.4–4.0 and decreased
outside this pH range. A pH of 3.6 was recommended for use,
by addition of 0.8 cm3 of buffer solution in 10 cm3 of final
solution. The influence of incubation time on fluorescence
intensity was also investigated. The results showed that the
maximum fluorescence intensity was reached immediately
when the solutions were mixed, and remained constant for 30
min. When the incubation time was longer than 30 min, the
fluorescence intensity began to decrease. Therefore, a 5 min
incubation time was adopted in this work. For RNA, the
optimum conditions were similar to that of the DNA system.
Interaction of HA With DNA
In Fig. 3 the absorption spectra of HA in the presence of various
concentrations of CT DNA are shown. It can be seen that the
absorbance of HA shows a slight increase with increasing
amounts of DNA. However, the absorption maximum at 465 nm
remains unchanged, even in the presence of an excess of CT
DNA. These results are in contrast to the observed large red
shifts in absorption maxima25 and strong hypochromism when
the dye intercalates into the base stack.26 Therefore, it is
suspected that the minor changes observed with HA could be
due to the dye interacting with the double helix in a non-
intercalative way.
Fig. 2 Excitation (a) and emission (b) spectra of free HA (solid curves)
and in the presence of CT DNA (dashed curves) and RNA (dot-dashed
curves). HA: 1.0 3 1026 mol dm23; CT DNA: 100 ng cm23; RNA: 100
ng cm23.
Fig. 3 Absorption spectra of HA with increasing concentrations of CT
DNA: (1) 0 mg cm23, (2) 1.0 mg cm23, (3) 5.0 mg cm23 and (4) 10.0
mg cm23. HA: 1.0 3 1026 mol dm23.





















































In order to further establish the DNA binding affinity of HA,
the iodide quenching and salt effect on HA in the presence and
absence of CT DNA has been examined. The fluorescence
quenching data were plotted according to the Stern–Volmer
equation:
F0/F = 1 + Ksv [Q]
where F0 and F are the fluorescence intensities in the absence
and in the presence of KI, respectively; Ksv is the Stern–Volmer
quenching constant; and [Q] is the concentration of the
quencher (KI). If HA is intercalated into the base stack, it should
be protected from the anion quencher, owing to the base pairs
above and below the intercalator, so the magnitude of Ksv of the
free HA should be higher than that of the bound HA; in contrast,
the magnitude of Ksv of the free HA should be lower than that
of the bound HA.27 In aqueous solutions, iodide quenched the
fluorescence of HA very efficiently. Addition of potassium
iodide to a mixture of HA and CT DNA resulted in extensive
quenching of the fluorescence intensity (Fig. 4). The quenching
constants for the free HA and the bound HA with CT DNA were
71 and 255 dm3 mol21, respectively. These results indicate that
HA may bind to DNA in a non-intercalative way.
The effect of the ionic strength on the fluorescence intensity
of HA was investigated by the addition of NaCl, the results are
shown in Fig. 5. It is obvious that in the absence of CT DNA, the
addition of NaCl to the free probe had little effect on the
fluorescence yield of the dye; the Stern–Volmer quenching
constant is 15 dm3 mol21. However, in the presence of CT
DNA, a greater quenching effect was observed when NaCl was
added, and the estimated Ksv value with NaCl was 28 dm3
mol21. Since the fluorescence of the free HA was only slightly
quenched by the salt, it is evident that the quenching in the
presence of DNA was due to the release of the probe from the
helix into the bulk aqueous solution. The quenching constant
with NaCl was less than that with KI (Ksv = 255 dm3 mol21)
because iodide is a more effective quencher of the fluorescence
than chloride. The strong dependence of the binding on the ionic
strength clearly indicates that HA binding to DNA is non-
intercalative rather than intercalation into the helix.
Calibration Graphs
The calibration graphs for the determination of DNA (or RNA)
were constructed under the optimal conditions. The results are
shown in Fig. 6. There are good linear relationships between the
fluorescence enhancement and the concentrations of CT DNA
(or RNA). All the analytical parameters are presented in Table
1. From Table 1 it can be seen that the sensitivity for the
determination of CT DNA is higher than that for RNA. The
limit of detection (LOD) is given by the equation, LOD = Ks0/
S, where K is a numerical factor chosen according to the
confidence level desired, s0 is the standard deviation of the
blank measurements (n = 7) and S is the sensitivity of the
calibration graph. Here a value of 3 for K was used.
Comparison of the Methods
Some characteristics of the proposed method and other methods
for nucleic acid determinations are summarized in Table 2.
Compared to classical dyes like ethidium and Hoechst, the
proposed method has higher sensitivity, larger Stoke’s shift and
longer emission wavelength. In addition, it is more sensitive and
rapid than methods that use lanthanide cations as fluorescence
probes. However, the proposed method seems to be less precise
and has a narrow linear range. Methods using the cyanine dyes,
such as TOTO, YOYO, etc., are more sensitive than the HA
method, but they show shorter Stoke’s shift and longer
incubation time. In addition, these dyes are very expensive.
Fig. 4 Quenching of HA fluorescence by KI in the presence of CT DNA
(filled circles) and in the absence of CT DNA (open circles). HA: 1.0 3
1026 mol dm23; CT DNA: 100 ng cm23.
Fig. 5 Effect of NaCl solutions on HA fluorescence in the presence of CT
DNA (filled circles) and in the absence of CT DNA (open circles). HA: 1.0
3 1026 mol dm23; CT DNA: 100 ng cm23.
Fig. 6 Calibration curves for CT DNA (filled circles) and yeast RNA
(open circles). Conditions given under Procedure.
Table 1 Analytical parameters for the determination of nucleic acids
Linear Linear
range/ regression LOD/
Nucleic acid ng cm23 equation* ng cm23 r
Calf thymus DNA 0–200 F = 1.62 c + 1.69 5.0 0.9976
Yeast RNA 13.0–200 F = 0.40 c2 1.64 13.0 0.9927
* c in ng cm23.





















































Determination of Nucleic Acids in Synthetic Samples
As described above, the sensitivity of the fluorescence determi-
nation of CT DNA is higher than that of RNA: DNA has a much
greater ability to enhance the fluorescence yield of HA. It is,
therefore, expected that DNA could be measured in the presence
of RNA. The determination of DNA in synthetic samples,
which contained various concentrations of RNA, were carried
out according to the experimental procedure. The results are
shown in Table 3. It can be observed that CT DNA could be
determined in the presence of up to 20% RNA with satisfactory
results.
The above procedure was also applied to the determination of
RNA in two synthetic samples (Table 4). Table 4 shows that the
presence of DNA seriously interferes with the determination of
RNA even when the concentration ratio of DNA to RNA in the
samples is 5%.
Conclusions
The proposed fluorescence method has high sensitivity for the
determination of nucleic acids with HA as a new fluorescence
probe. In weak acid medium, the fluorescence of HA is
significantly enhanced by nucleic acids due to the binding of the
probe to DNA (or RNA) in a non-intercalative way. In addition
to its sensitivity, other advantages of this method include its
non-toxicity, simplicity, rapidity, large Stoke’s shift and long
emission wavelength. The only operation is the mixing of two
solutions before fluorescence measurements. Furthermore, the
large Stoke’s shift and long wavelength emission may allow the
proposed method to avoid the interference of the background
efficiently in biological systems.
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Table 2 Comparison of methods for determination of DNA
Incubation LOD/ Linear range/ RSD
Methods lex/lem* time/min ng cm23 mg cm23 (%)
Ethidium bromide4 546/590 — 10 — —
Hoechst 332585 356/492 — 10 0–15 —
Tb3+-phenanthroline11 298/543.5 20–30 100 0.4–15 3.0
Eu3+-tetracycline12 398/615 — 10 0.02–1.0 3.0
TOTO14 488/535 20–30 0.5 0.0005–0.1 —
YOYO14 470/510 20–30 0.5 0.0005–0.1 —
This method 470/600 5 5 0–0.2 4.5
* Excitation/emission wavelength in nm.
Table 3 Determination of CT DNA in synthetic samples
Composition of samples/ Recovery of RSD
Sample no. ng cm23 DNA* (%) (%)
1 DNA (50) 100 2.9
2 DNA (100) 98.7 4.5
3 DNA(100) + RNA(5) 99.9 4.2
4 DNA(100) + RNA(10) 96.2 3.1
5 DNA(100) + RNA(20) 103.5 4.0
6 DNA(100) + RNA(50) 124.0 5.0
* Average of six determinations.
Table 4 Determination of yeast RNA in synthetic samples
Composition of samples/ Recovery of RSD
Sample no. ng cm23 RNA* (%) (%)
1 RNA (50) 97.6 4.5
2 RNA (100) 101.7 2.9
3 RNA(100) + DNA(5) 129.0 2.0
4 RNA(100) + DNA(10) 179.0 3.4
* Average of six determinations.
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